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Keratinocytes were cultured from adult and newborn 
rat epidermis using the 3T3 feeder cell technique. By 
modifying culture conditions a long-lived line of new-
born rat keratinocytes was developed which showed a 
plating efficiency of 40% and a doubling time of 16 h. The 
cells produced stratified colonies with tonofilaments, 
desmosomes, cell envelopes, and keratohyaline granules. 
When the cells were grown on a collagen gel they formed 
a thick stratum corneum and many keratohyaline gran-
ules. 
The fibrous proteins synthesized by the newborn rat 
cultured keratinocytes were different than those of new-
born rat epidermis but similar to those of adult rat 
cultured keratinocytes. A histidine-rich basic protein 
was identified by immunologic techniques but it ap-
peared to be more heterogeneous than that of newborn 
rat epidermis. A cell envelope precursor protein was 
identified by dansyl cadaverine incorporation studies 
and was identical to a major envelope precursor of new-
born rat epidermis. 
The growth characteristics, colony morphology, and 
biochemical markers did not change for up to 40 pas-
sages and there was no evidence of malignant transfor-
mation. Because of their ease of growth and long-term 
survival these cells are useful for studying a variety of 
problems related to keratinization. 
There have been significant advances in the techniques for 
culturing normal epidermal cells using tissue from a number of 
animals [1-8]. Although the colonies of cultured cells are no t 
identical in appearance to normal epidermis, they form a num-
ber of products of differentiation such as desmosomes, tonofil-
aments, and cornified envelopes. Furthermore it h as been 
shown that at least some cultured cells are able to assume the 
appearan ce of normal epidermis when transplanted onto an 
animal [8]. Long-term cultivation of keratinocytes with the 
establishment of permanent lines has been reported only with 
adult rat lingual epit helium [9,10] and newborn mouse epider-
mis [11]. 
This report describes the culture of epidermal cells for more 
t han 40 passages using newborn rat skin and a modification of 
the 3T 3 feeder technique. The cells retain the morphologic 
characteristics of cultured keratinocytes and continue to syn-
thesize a number of stru ctura l proteins ch a racteris tic of s llch 
cells. 
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. Abbreviations: 
DDT: ditheothreito l 
DMEM: Du lbecco's modified Eagle's medium 
EGl": epidermal growth factor 
FCS: Fetal calf serum 
PMSF: phenylmethylsulfonyl fluorid e 
SCBP: stratum corneum basic protein 
TUM: urea in Tris conta ining p-mercaptoetha nol 
MATERIALS AND METHODS 
Newborn Sprague-Dawley ra ts were sacrificed by decapitation with in 
24 h after birth a nd the skin excised a nd place on ice. Ha ir was removed 
from 6-month -old anesthetized rats using epilating wax . The animals 
were sacrificed by decapitation and the skin excised a nd placed on ice. 
For tissue culturc studies the skin was cut in to smal l pieces and these 
were incubated in a 0.25% trypsin solution at 4°C overn ight to separate 
the epidermis. The trypsin-spli t epidermis was placed on Du lbecco's 
mod ifi ed E agle's mediu m (DMEM) conta ining 50 ,lg/ ml of genta mycin, 
0.4 ~g/m l hydrocortisone, and 20% fetal calf serum and agitated with a 
pipette for 5 min. T he resulting cell suspension was counted with a 
Cou lte r counter a nd used for culture. To obtain intact epidermis from 
newborn rats, peices of skin were soaked in 0.24 M NH.,CI, pH 9.5, a t 
4°C for 30 min. The epidermis was li fted off and rinsed with distilled 
water. 
Primary cul tur es and later passages of newborn and adu lt rat epi-
dermis were obta ined by plating the ce ll suspension on mitomycin-
ki ll ed murine 3'1'3 cells as previously described [1 2]. In some ex peri-
ments the number of 3T 3 feeder ce lls per 35-mm dish was increased 
From 140,000 to 200,000 or the ce lls were omitted. T he standard culture 
med ium was DMEM conta ining 50 ~g/ml of gentamycin, 0.4 ~g/m l 
hydrocortisone, 10 ~g/m l epidermal growth facto r (EGl") , 10- " M chol-
era tox in , and 20% fetal calf serum (FCS). In some ex periments the 
EGl" was om itted and in others the FCS concentration reduced . 
Cultured epidermis was processed fo r electron microscopy as de-
scribed previously r1 2]. 
Rat epidermal ce lls were inocu la ted into soft agar to determine 
whet.her th ey could form colonies in that mediu m [13]. Suspensions of 
cul tu red ce lls were also layered on co llagen gels impregnated with 
human fibroblasts (gift of Dr. Paul E hrlich) [14] which were lloated in 
cul tu res containing the complete medium. At 2 and 4 weeks the gels 
were fixed in 10% forma lin and processed for ligh t microscopy. 
The am monium chloride-separated ra t epidermis was minced and 
extracted by s tirring in 1. M phospha te buffer, pH 7.0, at 37°C for 30 
min, cent rifuged at 30,000 g, and the extraction with 1 M phosphate 
buffer repeated. Th e pellet was stirred in 0.05 M phosphate buffer, pH 
7.1, with 1 % sodiu m dodecyl sulfate (SDS) for 45 min at 25°C, centri -
fu ged at 30,000 g, and the extraction repeated . The pellet was then 
stirred with 4 M urea in 0.05 M phosphate buffer, pH 7.0, for 18 h at 
room temperature, centrifuged a t 30,000 g, and the extraction repeated. 
Finally the pellet was extracted with 8 M urea in 0.1 M Tris, pH 9.5, 
containing 0.1 M li-mercaptoethanol (TUM) for 8 h at room tempera-
ture and the suspension centrifuged at 30,000 g. All the buffers used for 
extraction contained phenylmethylsulfonyl fluorid e (PMSF) at 10 ~g/ 
m1. 
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Confluent ce ll cultures were homogenized and extracted by the 
var ious schemes shown in T a ble 1. The suspensions were centrifuged at 
30,000 g between steps. PMSF was present in a ll the buffers at 10 ~g/ 
m1. The extract is indicated by a roman numeral a nd an arab ic numeral 
subscript (e.g. , I,). 
Protein was determined by the Bio-Had method and SDS-polyacryl-
amide gel electrophoresis (PAGE) was done in tubes using the system 
described by Neville [15] and in slabs by the Laemmli method [16]. 
Stratum corneum basic protein (SCBP) was purified from the urea 
extract of newborn rat epidernlis using the techniqu e described by Dale 
[17]. Antibodies to SCBP were made in rabbits a nd assayed by the 
Ouchte rlony technique and immunoflu orescence as previously de-
scribed [18]. 
In order to look for cell envelope precuJ"sors, intact epidermis and 
cul tured epidermis were homogen ized in 0.05 M Tris, pH 7.5, with 0.001 
M EDTA and 0.5 mg/ ml dansyl cadaverine. After centrifugation the 
supernatants were made 0.01 M in calcium and 0.002 M in ditheothreitol 
(DTT) and in cubated at 37°C for 3 h. The reaction mixtures were then 
prepared for SDS·PAGE. 
Incorporation of labeled histid ine into cu ltured epidermal ce lls was 
done by adding DMEM with 20% l"CS contain ing 0.4 ~Ci/ml of L-
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TABLE 1. Variolls procedures for extracting tissue 
ExLractfl 
Proceciurc-----------------------
0.05 M Tris, pH 
7.5 
0.1 M saline 
O°C for 1 h 
II 0.05 M Tris, pH 
7.5 
0.1 M sa line 
III 0.1 M Tris, pH 
9.5 
4.0 M urea 
IV 1.0 M phosphate, 
pH 7.0 
37°C for 0.5 h 
V 2% SDS 
0.025 M DTT 
0.002 M EDTA 
0.1 M Tris, pH 
8.6 
60°C for 30 min 
2 
0.1 M Tris, pH 9.5 
4.0 M urea 
0.1 M Tris, pH 9.5 
8.0 M urea 
0.1 M mercaptoeth-
anol 
25°C for 12 h 
0.1 M Tris, pH 9.5 
8.0 M urea 
0.1 M mercaptoeth-
a nol 
25°C for 12 h 
0.05 M phosphate, 
pH 7.0 
4.0 M lU'ea 
25°C for 18 h 
" Th e extracts were done sequ entia lly . 
3 
0.1 M Tris, pH 
9.5 
8.0 M urea 
0.1 M mercapto-
ethanol 
25°C for 12 h 
[ '''C (U)]-histid ine to cultures 2 days beyond contluence. The concen-
t ration of histidine in DMEM was reduced from 80 mg to 0.8 mg/ li te r. 
The cultures were incubated for varying periods, rinsed twice with 
phosphate-buffered saline, a nd then treated witb one of the buffers 
described for extracting cell cultures. Autoradiographs were done by 
placing the dried gels against Kodak X-Omat AR film and storing at 
-70°C unt il the film was developed. To measLll'e rad ioactivi ty in gels 
the slices were digested in a 2:1 mixture of 30% H20 2 : 70% perch lor ic 
acid. Aquasol II was added and the solu t ions coun ted in a liquid 
scintil la tion coun ter. 
RESULTS 
Adult rat epidermal cells behaved very similarly to human 
foreskin epidermal cells when grown on 3T 3 feeder layers with 
EGF, hydl'ocortisone, and cholera toxin in the culture medium. 
They showed a plating efficiency of about 5% between the 2nd 
and 5th passages, the colonies reached confluency in about 7-
10 days with a doubling time of about 20 h, and the cells could 
be passed 8-10 t imes. When newborn rat cells were grown 
under these conditions they grew more slowly and died out 
after the 2nd passage. Their growth was similar to adult rat 
cells, however, when the number of killed 3T3 feeder cells per 
dish was increased from 140,000 to 200,000 and EGF was left 
out of the medium. Some time between the 3rd and 6th passage 
the behavior and apperu'ance of the cells changed; the cells 
assumed a very uniform cuboidal appearance and reached 
confluency in about 3 days. 
Unlike human and adult rat epidermal cells these newborn 
rat cells showed a plating efficiency of about 40% and a doubling 
t ime of 16 h . Newborn rat cells continued to remain attached to 
the culture dish and replicate for at least 3 months after 
inoculation, whereas adult rat cells were almost completely 
detached at 4-6 weeks. Furthermore, newborn rat cells could 
be passed after remaining attached to the dish for 3 months. 
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FIG 1. Electron micrograph of cultured, 10th passage newborn rat 
keratinocytes showing stratifica tion. Bar = Ip.III .. 
FIG 2. Electron micrograph of cultLll'ed keratinocytes showing de-
tails of subcellular components. d = Desmosome, e = cornified enve-
lope, (= filament, g = keratohyaline- like granule. Bar = 1 p.m. 
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Growth of newborn rat cells was possible without a feeder layer 
at the 10th passage and thereafter with the same characteristics 
as cells grown with a feeder layer. Cells were carried through 
about 70 passages and then failed to grow. 
Newborn cultured rat cells grew and reached confluency with 
as low as 1% FCS, although the growth rate was much slower. 
Chromosome counts of 20th-passage cells showed considerable 
polyploidy with no cells having the normal number of 42. The 
cells would not grow and form colonies when plated in soft agar. 
When the cultured cells were inoculated subcutaneously into 
newborn rats they did not produce tumors. 
The newborn rat cells formed stratified colonies as previously 
described for human epidermal cells when grown with or with-
out a 3T3 feeder layer (Fig 1). Filaments, desmosomes, and 
cornified envelopes were observed regularly and there were 
occasional round, dark bodies of varying size with a granular 
appearance (Fig 2). The cells were also plated on collagen gels 
impregnated with human fibroblasts which floated in the tissue 
culture dish. Histologic examination after 1 month of growth 
showed a very thick stratum corneum with a large number of 
.. 
c 
FIG 3. Histologic secLion of cultured, 20th passage, newbol'll raL 
keratinocyLes grown for 1 month on coUagen gels impregnated with 
fibroblasts. Keratohya line- like granules are indicated by arrowhead, S 
= stratum COl'lleum, C = collagen gel. X 640. 
A B c 
FIG 4. SOS-PAGE patterns of TUM-extracted prote in from new-
bol'll raL epidermis (A) and 10th passage, cultured newbol'll rat keratin-
oc.vtes (B). C is cow snout prekeratin used as a marker, showing M .. 
48,000- 67,000. 
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blue granules just beneath the stratum corneum when stained 
with h ematoxylin and eosin (Fig 3). 
The SDS-PAGE patterns of the urea (h) and TUM (b) 
extracts of newborn rat cultured epidermal cells were the same, 
and the latter (Fig 4) differed from the TUM extract of intact 
tissue. The pattern of early-passage cells differed somewhat in 
A B c 
=-=:: 
FIG 5. SOS-PAGE patterns of' TUM (I,,)-extracted protein from 
12th passage (B) and 2nd passage (C) cultured newborn rat kerat ino-
cytes. A is cow snout prekeralin. 
FIG 6. SDS-PAGE pattei'll of the T ris buffer extract of 10th passage, 
cultured newborn rat keratinocytes that have been incubated with 
dansyl cadaverine. The fluorescent band was identified by viewing the 
15% acrylamide gel under ultraviolet light and marking with a needle; 
the gel was then stained. The fluorescent band is indicated by the 
arrowhead. 
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the relati-.. e intensities of the bands from that of later passages 
(6th and beyond) which then remained quite constant (Fig 5). 
Patterns of adult rat epidermis showed exactly the same initial 
pattern and change in pattern, although these cells never de-
veloped the growth behavior of newborn rat cells. TUM (13) 
extracts of both early- and late-passage cultured rat epidermal 
cells reacted with an antibody to epidermal fibrous proteins. 
In order to look for precursors of cornified cell envelopes, 
saline extracts of cultured rat epidermal cells were incubated 
with dansyl cadaverine and then separated by SDS-PAGE; a 
fluorescent band of Mr 22,000 was observed (Fig 6). These 
results were obtained with both early- and late-passage cells. In 
B 
FIG 7. Ouchterlony plates demonstrating reactivity of various ex-
tracts Lo the antibody to SeBP. a, Antibody is in the center well, 1 = 
a buffer blank, 2 = the saline (I,) extract of lOth passage, cultured rat 
keratinocytes, 3 = SeBP, and 4 = the urea (12) extract of the cultured 
keratinocytes. b, Antibody is in the ceni:er well, 1 = a buffer blank, 2 
= the TUM (b) extract, 3 = the saline (I,) extract, and 4 = the urea 
(12 ) extract of cul tured keratinocytes. 
FIG 8. Indirect immunofluorescence studies of newborn rat epider-
mis (a) and cultured newborn rat epidermis (b). Frozen sections were 
stained with the antibody to SeBP and then counterstained with 
fluorescein-conjugated goat antirabbit y-globulin. 
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newborn l:at epidermis up to 5 labeled bands were seen in the 
range of Mr 12,000-45,000, and included the 22,000 component 
as a major band. 
The SeBP purified from newborn rat epidermis showed a 
single band on SDS-PAGE with a Mr of about 45,000 (in the 
Neville system) and had an amino acid composition identical to 
that reported by Dale with a high histidine content [17]. Strong 
precipitin lines of identity were observed by the Ouchterlony 
technique when SeBP and the saline (I,) and 4 M w·ea (12 ) 
extracts of cultured newborn rat epidermal cells were tested 
against the antibody to seBP (Fig 7a); however, the TUM (Ia) 
extract did not react (Fig 7 b). A second weaker band was 
variably seen close to the antibody well; this also was observed 
when SeBP was purified by being cut out of a SDS polyacryl-
amide gel and tested against the antibody. The same results 
were obtained with extracts of 2nd and 30th passage cultured 
newborn rat keratinocytes as well as with extracts of cultw·ed 
adul t rat keratinocytes. The 1 M phosphate (IV,) and 4 M urea 
(IVt ) extracts of cultured cells also reacted with the antibody. 
hnmunofluorescence studies were done with frozen sections 
of newborn rat epidermis and 20th passage cultured rat keratin-
ocytes using the antibody to seBP. As shown in Fig 8, diffuse 
1 2 3 4 5 
FIG 9. SDS slab gel. 1 = a 4 M urea extract of newborn rat epidermis; 
2 = a saline (I,); 3 = a urea (It) ; 4 = a TUM (h) extract of 10th passage, 
cultured newborn rat kera tinocytes; 5 = cow snout prekeratin. The 
position of seBP is indicated by the solid arrowhead and the phos-
phorylated derivative (determined on another run and not shown) by 
the hollow arrowhead. 
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flu orescence was seen in the stratum corneum and granular 
flu orescence in the gra nular layer of newborn ra t epidermis. 
Granular fluorescence was observed in the upper layers of the 
stratified cultm es (Fig 8). No fluorescence was observed with 
serum obtained prior to immunization in both epidermis and 
cultured cells. 
A comparison of the SDS-PAGE pattern of the mea (12) 
extract of cultw·ed cells with the 4 M urea extract of newborn 
ra t epidermis showed several bands similar in mobility to SCBP 
(Fig 9). However, similar bands appear to be present in the 
T UM (Ia) extract of cells which did not react with the antibody 
to SCBP . Another band, also seen in th e saline extracts, corre-
sponded very closely to the mobility of the phosphoryla ted 
precursor of SCBP. SDS-PAGE was done on a direct 4 M urea 
(III,) extract of cultured cells and the various regions of the gel 
were cut out and the protein extracted . After r emoving the 
SDS [19] the various extracts were tested against an antibody 
to SCBP. Immunoreactivity was found in both SCBP a nd 
precm sor areas as well as in lower Mr regions (5- 8 in Fig 10) . 
There was some reactivi ty in the Mr range of 70,000-94,000 (3 
and 4 in Fig 10) but these samples broke down to lower M r 
material as shown by reelectrophoresis (Fig 10). 
Labeled histidine incorporation studies were done with cul-
tw·ed cells in order to identify histidine-rich proteins. Extrac-
tions were done with 1 M phosphate (IV,) a nd 4 M w·ea (IV2) 
since this is th e classical technique for isolating histidine-rich 
proteins. After 24 h of labeling, a utoradiographs of SDS-PAGE 
patterns of 1 M phosphate (IV,) and 4 M urea (IV2 ) buffer 
extracts were done as shown in Fig ll a. Radioactivity was 
present in the position of SCBP in the urea extract a nd in this 
+ + 00+ ? + + + + 
1 
2 
94K~ 
3 
4 
5 
6 
7 
8 
c 1 2 3 4 5 6 7 8 
FIC 10. SDS slab gel indicating regions that were tested for reactivity 
to the antibody to SCBP. E = a urea extract of newborn rat epidermis, 
and C = a urea (III, ) extract of cul tured rat keratinocytes. The regions 
cut out of the prepara tive gel are indicated on C and the pattern of the 
extracted protein is shown in lanes J -8. Those regions reacting to the 
antibody are indicated by +. 
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FIG 11 . Autoradiographs of SDS-Page patterns of 1 M phospate (P) 
(I V, ) and urea ( U ) (IV t ) extracts of 20th passage, cultw-ed newborn rat 
keratinocytes incubated with labeled histidine for 24 h. The Laemmli 
slab technique of electrophoresis was done wi th 7% (a ) and 15% (b ) 
acrylamide. The stained gels are on the left and the autoradiographs 
on the right. 
position and a bove it in the 1 M phospha te extract. There wer e 
additional radioactive spots on the gels. The very intense radio-
activity at the front must represent small peptides of varying 
size since it did not appear as a distinct spot on 15% gels (Fig 
llb). R adioactivity was not present in large amounts in the gel 
in Mr regions greater than 94,000. Cells were also labeled for 3 
h and extracted in the 2% SDS (V,) buffer . SDS-PAGE was 
done on a 4%- 30% gradient gel and the stained gel was sliced 
a nd the pieces counted (Fig 12). Insignificant amounts of radio-
activity were found in the Mr ra nge greater than 94,000. Sinlila.r 
experiments were done with 2- and 24-h labeling of cells and 
extracting with saline (II,) and T UM (Ih ). These also failed to 
revea l la beling in the high Mr regions. 
DISCUSSION 
We have been able in tills study to obtain a long-lived line of 
cultured kera tinocytes from newborn rat but not adult ra t 
epidermis. Although cultmed epidermal cells from only 2 ani-
mals were carried for about 70 passages, the change in pla ting 
efficiency, growth in the absence of 3T 3 cells, and long-term 
sUJ"vival were observed in cultw·ed epidermis of a number of 
newborn animals. Tills change in the growth of rat keratino-
cytes required that the initial cultming be done with increased 
numbers of 3T 3 feeder cells and the omission of EGF, which 
was found to inhibit rat epidermal cells. Although EGF was 
reported to extend the life of human epidermis [20], it may not 
have this effect with all epidermal cells. 
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FIG 12. Profile of radioactivity in gel 
slices cut from a 4-30% SDS acrylamide 
gradient gel on which was run a 2% SDS 
(V,) ex tract of 20th passage, cultured 
newborn rat keratinocytes incubated for 
3 h wi th labeled histidine. The gel was 
sliced as indicated in the ba.r dia.gram 
and the d.p.m. per slice is expressed as 
% of total d.p.m. on the ge l. 0 indicates 
origin of gel. 
The results reported by Miller et al [l1J on the development 
of permanent cell lines from newborn mouse epidermis are 
similar to ours with respect to the need for a feeder layer and 
colony morphology, but differ in tha t their cells had a low 
cloning (plating efficiency). No data were presented in that 
paper on the biochemical markers of keratinization. 
The explanation of why cult Ul"ed n~wborn rat keratinocytes 
grew so well is not apparent and a number of studies were done 
to determine whether t he cells retained t heir normal character-
istics. The cultUl"ed keratinocytes would not grow in soft agar, 
which is used as a cri teria for cells that have not undergone 
maligna nt t ransformation. The cells were polyploid, bu t this 
has been reported in a number of normal cell lines from rat 
tissues. Cultured rat lingual epithelium cells, which behave 
similarly to newborn rat keratinocytes, did show a normal 
number of chromosomes, but the studies were done using cells 
from the 5th passage [9]. Impla ntation of cultured cells into 
newborn rats did not produce tumor nodules. FUl"thermore, 
cultured keratinocytes formed keratohyaline-like granules and 
a stratified epidermis with a thick stratum corneum when grown 
on a syn thetic dermis. 
The SDS-PAGE pattern of fibrous keratin from cultUl"ed rat 
keratinocytes differed from that of intact tissue, which has been 
reported with other animals [12]. The cha nge in pattern which 
occurred at the 6th passage was observed with both newborn 
and adul t rat epidermis and is not r elated to the alteration in 
gl·owth of newborn rat keratinocytes. The pattern then re-
mained stable and was not altered even when cells were gl·own 
in the absence of a feeder layer. In cultured human and bovine 
epidermal cells the SDS-PAGE keratin pattern does not change 
as the cells are passed, and t he rat cells may be unique in t his 
regard [12J. It will be of interest to investigate the SDS-PAGE 
keratin pattern of cells grown on a r tifical dermis using both 
early- and late-passage adult and newborn rat cultUl"ed keratin-
ocytes, since under these conditions a very thick stra tum cor-
neum is formed. 
The SCBP antibody stucties indicate that cultured rat epi-
dermal cells synthesize a keratohyalin-like protein. Fw-ther-
more, the immunologic reactivity was observed beyond 30th-
passage cells, indicating this characteristic marker of keratin-
izing epidermis is not lost [21]. A single specific protein species 
responsible for the reactivity has not been isolated, but the 
histidine incorporation studies showed labeled proteins with 
mobilities similar to SCBP [17J and the phosphorylated pre-
CUl"sor [22]. However, a labeled high M r precUl"sor as described 
by Scott and Harding [23] could not be identified. When the 
extracts of cul tUl"ed cells were fractionated on the basis of size 
by SDS-PAGE, reactivi ty to an ant ibody to SCBP was found 
not only in the SCBP a nd precursor regions but also at lower 
Mr regions. This may mean that the basic protein readily breaks 
down to smaller ti"agments [23], although great care was taken 
to prevent t his during the isolation procedUl"e. 
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A soluble preCUl"sor of the cell envelope has been identified 
in cul tw·ed cells using the incorporation of dansyl cadaverine, 
a reaction mediated by the enzym e transglutaminase [24,25]. 
The identical preCUl"sor was observed in cul tured newborn and 
adul t ra t keratinocytes using both early- and later-passage cells. 
Although the dansyl cadaverine studies of intact epidermis 
showed 4 precw·sor proteins, a major one had the same Mr as 
that observed in cult Ul"ed cells. 
These stucties suggest that a long-lived line of nonmalignant 
epidermal cells can be obtained using newborn rat epidermis. 
The cells retain a number of functional, morphologic and bio-
chemical markers of keratinizing cells. F w-thermore, these cells 
appear to exhibit a considerable amount of differentiation when 
grown on a dermal-like substrate. Considering t heir ease of 
growth and long-term sUl"vival , th ese epidermal cells will be 
usefu l for studying a wide variety of problems related to kera-
tinization. 
We acknowledge Dr. Paul Ehrlich of the Massachusetts General 
Hospital who contribu ted the collagen gels used for this work. 
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Increased Procollagen mRNA Levels in Scleroderma Skin Fibroblasts 
PETER N . GRAVES, PH.D., IRWIN K. WEISS, B.s., JEROME S. PERLISH, PH.D., AND 
RAUL FLEISCHMAJER, M .D. 
Department of Dermatology, Mount Sinai School of M edicine, N ew Yorll, New Yorh, U.S.A. 
Pro collagen messenger RNA activity in scleroderma 
and normal skin fibroblasts was measured using a cell-
free translation assay. Radioactive translation products 
were fractionated by electrophoresis and the ratio of 
pro collagen to total incorporation was determined from 
densitometric scans of gel fluorograms. In 4 scleroderma 
cell lines 1.78% (± 0.10) of incorporated [,r,S]-methionine 
was in procollagen, compared to 1.00% (± 0.20) in 5 
normal controls. These values are consistent with pre-
viously reported increases in the rates of collagen syn-
thesis obtained with intact cells and show that most if 
not all of the increase can be explained on the basis of 
elevated translatable procollagen messenger RNA in 
scleroderma fibroblasts. 
Several stuilies have shown that the excessive accumulation 
of collagen in scleroderma skin is associated with .an increased 
rate in collagen synthesis. Incorporation of railioactive proline 
into h ydxoxyproline and bacterial collagenase-sensitive poly-
peptide synthesis was greater in cultured scleroderma skin 
fibroblasts when compared to normal controls [1-3]. It was ' 
later shown that not all skin fibroblasts display the same 
biosynthetic potential for collagen synthesis. Thus, fibroblasts 
cultured from the lower levels of the dermis and junction 
between the dermis and subcutaneous tissue make more colla-
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gen than those derived from the upper dermis or subcutaneous 
tissue [2,4,5]. Collagenase activity of scleroderma fibroblasts 
was found to be normal [3]. In addition, the ratio of type I/type 
III collagen was the same as the normal controls [3,5]. It is also 
noteworthy that higher incorporation rates of labeled proline 
in scleroderma cell lines could not be attributed to differences 
in the proline pool [3]. The purpose of this study was to measure 
pro collagen RNA activity from scleroderma and normal skin 
fibroblasts by translation in an mRNA-dependent reticulocyte 
lysate. OUf results showed that scleroderma fibroblasts con-
tained more pro collagen mRNA activity than normal controls. 
MATERIALS AND METHODS 
Shin Biopsies and Cell Cultures 
Excision biopsies were performed under local xylocaine anesthesia 
from the upper 31'ms or forearms of 4 patients with active systemic 
scleroderma and 5 normal controls after obtaining consent statements. 
Clinical information about patients is reported in Table I. The normal 
controls consisted of 3 females and 2 males, ranging in age from 28 to 
56 years. Each specimen was divided into smaller pieces and fibroblasts 
derived from the explants were allowed to reach ne31' conl1uency in 60 
x 15 mm plastic culture dishes (Falcon) [4]. Further passages were 
done in 100-mm dishes following trypsinization. 
RNA Preparation 
The procedw·e followed was similar to that described by Bumett and 
Rosenbloom [6]. All solutions and glassware were autoclaved to mini-
mize ribonuclease activity. Cells from 10-20 confluent 100-mm cultme 
dishes were washed twice with I-Ianks' balanced salt solution or 0.02 M 
phosphate-buffered saline, pH 7.5. Then, 2 ml of lysis buffer containing 
1.0% sodium dodecyl sulfate (SDS), 5 mM EDTA, 10 mM Tris-HCI, pH 
7.5, and 65 fLg/ml of proteinase K ·(Beckman) was added to each dish 
and the suspension was scraped into a Dounce homogenizer and ho-
mogenized with 4-5 strokes of a tight-fitting pestle. Following incuba-
tion for 1 h at 45°C, an equal volume of 1 M NaCI was added slowly 
with stirring, and precipitated proteins were removed by centrifugation 
(10 min at 13,000 x g, 25°C). 
